INTRODUCTION
Racial disparities in procedure utilization have been well documented across many diseases. [1] [2] [3] Understanding why disparities exist is critical to promote equitable access to lifesaving technologies. Renal transplantation is an important procedure in which to examine racial disparities because in clinically appropriate patients, transplantation prolongs survival and improves quality of life relative to remaining on dialysis. 4, 5 Black patients are less likely than white patients, however, to be placed on waiting lists and receive renal transplants. 2, 6 The pre-transplant evaluation is increasingly recognized as a barrier to renal transplantation among women, the poor, and minority groups. 2, [7] [8] [9] Although patients generally prefer transplantation when this option is presented, a growing literature suggests that compared to whites, blacks with end-stage renal disease (ESRD) are less likely to complete a pre-transplant evaluation, and consequently, are less likely to proceed to transplantation. 2, [9] [10] [11] Completing the pre-transplant evaluation may be a challenging process for those with multiple clinical and social risk factors. The evaluation potentially requires testing for cardiovascular risk, cancer screening, and substance abuse counseling, among other steps. 12, 13 Prior investigations suggest factors such as patients' lack of knowledge about pre-transplantation processes, systems factors such as access to care, or provider bias in presenting transplantation options may present barriers. 7, 14 However, little research exists to guide strategies to foster completing the evaluation, and reduce racial disparities in this process. Studies of the pre-transplant evaluation period propose a role for social support networks in providing information needed by candidates to advance through the evaluation. 9, 15 To date, social support networks have not been fully evaluated as potentially enabling factors in completing pre-transplant evaluations.
Our study had two main objectives. First, we assessed the role of social support networks in fostering a complete evaluation for renal transplantation. Second, we evaluated differences in social support networks as potential contributors to racial disparities in completing pre-transplant evaluations. Understanding barriers and enabling factors may offer opportunities to reduce related disparities in access to transplantation.
METHODS

Study Cohort
Study participants were a random sample, stratified by race and sex, of patients aged 18 to 54 years who initiated dialysis for ESRD during 1996 and 1997. Subjects were identified through collaborating ESRD Networks in Alabama, southern California, Michigan, and the mid-Atlantic region including Maryland, Virginia, and the District of Columbia. Patient enrollment and data collection procedures have been previously described. 
Assessment of Complete Pre-transplant Evaluations and Transplant Appropriateness
Medical records for each participant were reviewed by trained staff of each ESRD Network to rate patients' clinical appropriateness for transplantation, based on their pre-transplant evaluation data. 2 The appropriateness criteria were based on systematic literature reviews, interviews with clinical experts, and published guidelines on essential elements of evaluations for renal transplantation. An independent panel of nephrologists and transplant surgeons from academic and nonacademic centers also reviewed these data through a modified Delphi process to establish the criteria. 2 Patients with complete pretransplant evaluations were rated for their appropriateness for transplantation. Complete evaluations assessed critical contraindications to transplantation such as recent malignancy, active infection, or severe congestive heart failure, as well as relative contraindications, including obesity (body mass index [BMI] between 30 to 35). The full list of appropriateness criteria has been previously published. 2 The evaluation was diagnosis-specific and included indicated diagnostic procedures for surgical risk, noninvasive tests for patients with known coronary artery disease, testing for infections that would preclude immunosuppression, including active HIV infection, and screening and counseling for patients with prior substance abuse. 2, 16 This study analyzed data from 742 patients without critical contraindications to transplantation. Patients were rated as appropriate for transplantation if their pre-transplant evaluations documented no critical or relative contraindications to transplantation. Patients with 1 or 2 relative contraindications were rated as "equivocal" candidates, and are included in the present analyses. We have previously reported that patients with "equivocal" ratings have high rates of referral, wait list placement, and renal transplantation; thus, these "equivocal" participants were included. 2 Patients were categorized as having incomplete evaluations if they lacked necessary elements to rate their appropriateness for transplantation; these patients served as the reference group to test effects of social support networks on completing the evaluation. Patients deemed inappropriate for transplantation because of 1 or more critical contraindications or 3 or more relative contraindications to transplantation were excluded from the analysis.
Patient Survey
Patients were interviewed by telephone to assess their preferences for renal transplantation and to collect information on other factors that may influence access to transplantation. The survey measured patients' social support with single items in three domains (see Appendix): (1) instrumental support networks were assessed as the number of close friends or family that could help with daily activities in the home, (2) emotional support networks were assessed as the number of close friends or family available for counsel on personal problems, and (3) dialysis center staff and patient support was measured as the degree to which staff and patients at the dialysis center served as important sources of support. Based on the numbers of persons reported to provide instrumental and emotional support we categorized respondents in tertiles as having "high," "medium," or "low" support. The survey asked patients to rate support from dialysis center staff and patients as "not important," "somewhat important," or "very important." In addition to assessing social support, the survey ascertained information regarding: socioeconomic status and resources (education, income, insurance status, and automobile ownership); physician recommendations for transplantation (whether any physician recommended the option of transplantation, or recommended against transplantation); patient preferences regarding transplantation; marital status; social demands (whether patients assumed primary care-taking for friends or family); the presence of comorbid conditions (coronary heart disease, congestive heart failure, and obesity); and the burden of kidney disease on patients' quality of life (from the Kidney Disease Quality of Life instrument). 17 
Statistical Analysis
Associations between patient characteristics, including social support networks, and completing pre-transplantation evaluations were estimated using Student's t test for continuous variables and Pearson's chi-square test for categorical variables. We performed Fisher's exact test for comparisons of categorical variables with small cell sizes. We report 2-tailed p values for all descriptive analyses.
We analyzed sequential multivariable logistic regression models to estimate effects of social support networks on the likelihood of having a complete evaluation, adjusting for potential confounders. Statistical interaction terms between race, gender, and instrumental support were tested, and effects of social support networks were estimated within strata of race and sex to assess race and gender differences in the effects of social support networks.
In multivariable models, item nonresponse led to missing data representing 10-23% of the sample for variables measuring income (10%), dialysis center staff and patient support (23%), and physician recommendations (12%). Missing data on covariates in multivariable models were imputed with multiple imputation via the SAS® procedure PROC MI. 18 Multiple imputation methods provide unbiased estimates, and better precision than listwise deletion. 18 We performed sensitivity analyses excluding imputed data from regression analyses to ensure the direction and magnitude of effect sizes were preserved qualitatively with and without the imputed values. We report adjusted odds ratios with 95% confidence intervals from regression models with imputed values from the PROC MI procedure. All analyses were conducted in SAS ® Version 9.1. Table 1 shows the baseline cohort characteristics by race and gender. Compared to whites, blacks had lower incomes and were less likely to have supplemental private health insurance. Blacks were less likely than whites to have a physician recommend a renal transplant. Black men had lower educational attainment, and less frequently expressed a preference for transplantation compared to white men. Black men were more likely to perceive racial discrimination in their medical care than white men, although this was not statistically significant. 
RESULTS
Patient Characteristics
||
Burden of kidney disease is derived from the Kidney Disease Quality of Life instrument (KDQOL) and is scored from 0 (heaviest burden) to 100 (lightest burden).
Black women were less likely than white women to be married or own an automobile. Black women were more frequently obese than white women.
Black women reported smaller emotional support networks than white women. Whites and blacks were similar in the level of instrumental and dialysis center staff and patient support they reported (Table 1) . Table 2 shows the unadjusted correlation between social support networks and completing the pre-transplant evaluation. Increasing levels of instrumental support networks were associated with a higher likelihood of having a complete pretransplant evaluation. Among those with low instrumental support networks (0 or 1 social contact who could be called on for help with daily activities), 25% completed the evaluation compared to 46% of participants with high instrumental support networks (6 or more contacts), (p<.001). Emotional support networks were not a significant correlate of completing the evaluation in the full cohort (p=.11). Among those with low emotional support networks (0 to 2 contacts), 29% completed the evaluation, compared to 38% with high emotional support networks (7 or more contacts).
Social Support Networks and Completion of Pre-transplant Evaluations
In contrast, those who viewed dialysis center staff and patient support as important were less likely to complete the pre-transplant evaluation. Among those rating dialysis center staff and patient support as "not important," 43% completed the evaluation, compared to 28% of those who viewed such support as "very important"(p=.03). Table 2 shows unadjusted effects of social support networks stratified by race and sex. Increasing instrumental support networks was a strong predictor of completing the pre-transplant evaluation in all race and sex strata except black men (Table 2) . No statistically significant effect of support from dialysis center staff and patients was observed within subgroups of race or sex, although a trend toward decreasing the likelihood of complete evaluations was observed.
Adjusted Predictors of Complete Evaluations
Adjusting for covariates, greater instrumental social support networks were strong predictors of completing the evaluation (Table 3) . Emotional support networks and dialysis center staff and patient support were not statistically significant predictors in the adjusted model (Table 3) .
Having a physician recommend transplantation, and expressing a preference for transplantation facilitated completion of the pre-transplant evaluation in the full cohort. Factors that reduced the likelihood of completing the evaluation included older age, and the geographic region of the referral network (Alabama, Michigan, and southern California, compared to the mid-Atlantic states).
Racial Disparities in Completing Evaluations
Neither social support networks nor other studied covariates fully explained racial disparities in completing the pretransplant evaluation; black race continued to reduce the likelihood of completing the evaluation when other confounders were considered (Table 3) . No tests of statistical interaction effects of race and gender with instrumental support were statistically significant (data not shown).
The adjusted effects of instrumental support networks and statistically significant covariates are shown by race and sex in Table 4 . Among black men, instrumental support did not promote complete evaluations; instead, other covariates including private insurance, and having a physician recommend transplantation fostered complete evaluations.
Sensitivity Analyses with Listwise Deletion
To evaluate the effect of missing data, we repeated the regression analyses using listwise deletion, rather than multiple imputation, by including only patients with complete data on all survey items (n=386, data not shown). With listwise deletion, neither the association with instrumental support nor the association with race on completing the pretransplant evaluation was statistically significant. The qualitative direction and magnitude of findings remained the same.
In race and gender subgroups with complete data (i.e., using listwise deletion to handle item non-response, n=97 white men, n=122 black men, n=89 white women, n=129 black women), the protective effect of instrumental support was only statistically significant among black women (data not shown). Among white men, the protective trend of instrumental support was not seen. The qualitative findings were the same in the other subgroups. 
DISCUSSION
Our study found that having greater instrumental social support networks were strongly associated with completing the pre-transplant evaluation among black women, white women, and white men but not black men. Perceiving that support from dialysis center staff and patients was important was associated with a lower probability of completing the pre-transplant evaluation, although the findings were not statistically significant in multivariate analyses in any group. *Sequential models include: I)742 patients without absolute contraindications to transplantation; II) Logistic regression models effects of social support on completing the pre-transplant evaluation, adjusted for listed covariates: III) Logistic regression models completing the pre-transplant evaluation fully adjusted for listed covariates. Missing data imputed with multiple imputation in logistic regression models. †Reference groups: white race; men; ≥ $60,000; > high school education; unmarried (single, widowed, or divorced); lack of private insurance, reference group includes access to Medicare or Medicaid insurance; mid-Atlantic states; preferences reference group includes "don't know"; no physician recommends transplantation; no physician recommends against transplantation.
‡ Age and burden of kidney disease are modeled as continuous variables. §
Social support variables modeled as ordinal from least to highest level of support received. Although instrumental social support networks strongly influence completing pre-transplant evaluations in most groups, we found no evidence to suggest they account for racial disparities in completing evaluations.
Prior research has underscored the importance of completing pre-transplant evaluations to facilitate access to transplantation. 2, 9, 11 We have previously reported that patients with incomplete pre-transplant evaluations have a low probability of being placed on renal transplant wait lists and receiving transplants. 2 Our present findings suggest instrumental social support networks are important to completing this crucial step toward transplantation for many groups. Previous work suggests social support networks provide information to guide candidates through steps required to access transplantation, and that this function of support networks may promote access to transplantation. 15 Our finding that instrumental support improves the likelihood of completing a pre-transplant evaluation indicates broader functions for social support networks, apart from providing education and information. It is possible that having help with instrumental tasks (cooking, cleaning, or child care) may free time and energy to help candidates pursue diagnostic evaluations. Moreover, people assisting in these roles may help patients schedule and keep appointments, or help patients navigate complex health system issues. In other disease models, instrumental support has been associated with better functional status, and improved survival. 19 The potential health promoting benefit of instrumental support networks may also help ESRD patients maintain functioning needed to complete pre-transplant evaluations. We found that patients who rated social support from dialysis center staff and patients as very important were less likely to complete the pre-transplant evaluation. Patients who identify dialysis center staff and patients as important sources of support may face a trade-off, where transplantation leads to losing valued relationships that are not readily replaced by other available social ties. More research is needed to characterize the dimensions of support provided by dialysis center staff and patients, to determine strategies to optimize quality of life and access to care among patients who value these relationships.
Although instrumental social support networks were associated with completing pre-transplant evaluations, support networks did not account for racial disparities in this process. We measured other factors thought to be likely causes of disparities in procedure utilization, including patients' comorbid conditions, socioeconomic resources, private health insurance, geographic location, perceived discrimination in medical care, preferences for transplantation, and physicians' recommendations regarding transplantation. These factors, too, did not fully explain racial disparities in completing the pretransplant evaluation, although supplemental private insurance may foster complete evaluations among black men. In addition, we find that blacks are less likely to receive recommendations to consider transplantation compared to whites. Physician recommendations were significant factors in promoting completed evaluations among both black men and women. Our data cannot completely discern whether physician recommendations were influenced by unmeasured clinical factors. Thus, further research should examine the nature of physician-patient communication in this setting to strengthen the role clinicians play in informing black patients about renal replacement options in clinically appropriate contexts.
The strengths of our study included the ability to evaluate multiple dimensions of social support. Also, we were able to assess the relative contributions of several common factors thought to explain racial disparities in procedure utilization.
Our study has limitations. First, we are unable to draw causal inferences because of its cross-sectional design. Our findings suggest a need for randomized interventions to assess the causal impact of support networks on access to renal transplantation. Second, we have measured social support networks with a single item in each domain. It is possible that some participants may have received support from other sources besides friends and family (e.g., case managers, spiritual counselors). Future research should measure other sources of support that may have cultural relevance, such as churches and barber shops, particularly among black men. 20, 21 Other barriers not studied here may also contribute to racial disparities in completing pre-transplantation evaluations such as logistical barriers (distance from diagnostic testing centers, limited clinical office hours), perceived disrespect in interactions with medical providers and staff that may impede pursuing evaluations, and patients' cultural or religious beliefs. [22] [23] [24] Finally, whereas our overall sample size was substantial, the numbers of patients in the race and gender strata were smaller, and survey item-nonresponse gave us limited precision, especially for multivariate analyses. We used multiple imputation to provide greater precision to estimate coefficients and confidence intervals. In summary, we conclude that instrumental social support networks are important contributors to completing the renal pre-transplant evaluation among many ESRD patients. Future studies of instrumental social support interventions that could be provided in clinical settings, such as patient navigation, or clinic-sponsored peer groups, may provide areas for improvement in clinical practice. 25, 26 Ultimately, a multifaceted approach that addresses multiple steps of the transplantation process is needed to reduce disparities in renal transplantation. 27, 28 To this end, enhancing social support networks and connecting patients to instrumental support in end-stage renal disease may be an important step to improve access to transplantation among many vulnerable groups.
